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The brown alga Dictyopteris serrata (Areschoug) Hoyt (Dictyotales, Phaeophyceae) is reported from the coast
of western Australia, representing the first reliable record of this species from outside the south-western
Indian Ocean. Distinguishing features of D. serrata are: a broad thallus with marginal teeth, veins extending
from the midrib obliquely towards the blade margin, and embedded tetrasporangia borne singly or in small
groups of usually two or three in fertile zones on the upper thallus branches. The species is apparently closely
related to the North American Dictyopteris hoytii Taylor, and previously perceived vegetative differences are
questioned. The two species may differ in tetrasporangial distribution, but further studies are required to
describe the sporangia of D. hoytii in greater detail.
Introduction
The genus Dictyopteris Lamouroux (Phaeophyceae,
Dictyotales) includes species with flattened, generally
dichotomously branched thalli with a distinct central
midrib. Growth is via a row of meristematic cells that
lie in a shallow depression on the branch apex. Ten
species of Dictyopteris have been recorded from Aus-
tralia (Allender and Kraft 1983, Womersley 1987,
Lewis 1985, Farrant and King 1989), mostly from
southern and eastern Australia. For several decades
a species of Dictyopteris with broad, robust blades,
conspicuous marginal teeth and lateral veins has been
collected along the tropical/subtropical west Aus-
tralian coast. The species was not comparable with
any of those previously recorded from Australia, and
on vegetative grounds could have been referred to
either the African Dictyopteris serrata (Areschoug)
Hoyt or the North American Dictyopteris hoytii W.
R. Taylor, two little known species of similar mor-
phology. This study provides detailed descriptions of
the morphology, vegetative anatomy and sporangia
of south-eastern African and western Australian
specimens and clearly demonstrates that the Aus-
tralian material is more appropriately identified as D.
serrata.
Materials and Methods
Herbarium collections of Dictyopteris serrata (Table
1) from south-east Africa and from Hamersley Shoal,
Dampier (20°39
!S, 116°43'E) to Marmion, Western
Australia (31°50
fS, 115°45'E) were examined. Ab-
breviations for herbaria follow Holmgren et al.
(1990). Hand sections were cut from small pieces of
rehydrated herbarium material. Living thallus tissue
from the Jurabi Point collections was fixed in 3% for-
maldehyde in seawater, dehydrated in a graded ace-
tone series, infiltrated and embedded in Spurrs Resin.
Sections were cut at 0.5 μηι thickness and stained in
Toluidine Blue Ο at pH 9.O. The diameter of 20 div-
ided sporangia on the surface of a preserved thallus
and the height and diameter of 20 divided sporangia,
as seen in transverse sections of resin-embedded tis-
sue, were measured and the mean, standard deviation
and range of the measurements calculated.
Results
Ecology
In Western Australia, Dictyopteris serrata has been
observed growing from the upper sublittoral zone to
depths of 12m, generally on rock associated with a
sandy substratum. The Jurabi Point site (Ningaloo
Reef) also supported additional Dictyotalean taxa
such as Dictyopteris australis (Sonder) Askenasy,
Dictyopteris woodwardia (R. Brown ex Turner) C. A-
gardh, and Spatoglossum macrodontum J. Agardh.
Morphology and vegetative anatomy
Thalli of Dictyopteris serrata (Figs 1, 2) are robust
and composed of erect, dichotomously branched
fronds, often reaching lengths of 45 cm and varying
in breadth from 0.8 to 3 cm. Thallus colour varies
from yellow-brown to dark brown. Small thalli are
generally yellow brown and - in actively growing
larger thalli — there is often a gradation from the
yellow-brown upper thallus segments to the dark
brown basal segments, the latter being similar in col-
our to the large senescent thalli. In larger thalli, the44 J. A. Phillips and J. M. Huisman
lower axes become denuded to the midrib, forming a
stipe up to 20 cm long. Lateral veins (Fig. 3) arise in
an irregular alternate pattern from the midrib, ex-
tending obliquely towards, but not reaching, the mar-
gin. On some branches, the lateral veins are incon-
spicuous. Bundles of paraphyses (Fig. 3) are scattered
across the thallus surface between the lateral veins,
and each paraphysis (Fig. 4) is formed by the division
of the outer portion of a cortical cell.
Marginal teeth (Fig. 5) form from cortical cells
near the apical meristem, and they progressively in-
crease to approximately 1 mm length with increasing
distance from the meristem (Fig. 3). Branches often
tend to be regularly dentate, with teeth separated by
1 to 3 mm intervals, although on some thalli, teeth
are less noticeable or are absent from either the basal
branch portions or along the entire length of some or
all longer branches of larger thalli. The apical mer-
istem is formed by 4—10 cells (Fig. 6) which lie in a
shallow depression above the midrib. Apical cells are
narrowly rectangular in shape, and are 120—130 μιη
high and 10-15 μιη across.
The midrib is prominent, is composed of 13 — 18
layers of cells and varies in thickness from 345—570
μιη (Fig. 7). The number of cell layers in the blade is
variable. Typically, 3—4 cell layers are found in the
blade near the midrib (Fig. 8), sometimes decreasing
to 2 layers near the margin (Fig. 9) and then increas-
ing to 3—8 cell layers thick at the margin (Fig. 10),
although some thalli arfe only 2—3 cells thick at the
margin. The blades in the lower branches of large
thalli often are 6 cells thick. The blade is 100-200
μιη thick near the midrib, 90—160 μιη thick in the
mid to outer blade and 110—234 μιη thick at the mar-
gin. In transverse section, cortical cells are usually
rectangular in shape, being higher than wide and
medullary cells tend to be much larger, rectangular
to polygonal, with the longest axis often parallel to
the thallus surface.
Sporangia
Sporangia are scattered singly or in small groups of
usually two or three (Fig. 11). They occur in broad
fertile zones in the mid-thallus region, extending
across the thallus surface from either side of the mid-
rib to the sterile thallus margin. Tetr sporangia (Fig.
12) appear as dark brown, ovoid or spherical struc-
tures, are bordered by a ring of cortical cells and vary
in diameter from 120 to 149 μιη (χ = 138 μιη, sd
= 8.2 μιη, no = 20).
Sporangial development commences with the ex-
pansion of a cortical cell both laterally and basally
(Fig. 13). Formation of two stalk cells at the base of
each immature sporangium takes place early in spor-
angial development. Developing sporangia (Fig. 14)
Table 1. Collections of Dictyopteris serrata
Locality Collector and date of collection Fertility status Voucher number
South Africa
Port St John,
East Cape Province
Isipingo Beach, Natal
Port Natal, Natal
Kenya
W. E. Isaac, 9. vii. 1959
W.E.Isaac, 11. vii. 1953
Not known
sterile
sporophyte
sporophyte
AD A40173
AD A40166
Herb. Sonder
MEL 239400
Mandu Kitua, Lamu District W. E. Isaac, 27. iii. 1967
Western Australia
sporpphyte AD A40177
Hamersley Shoal, Dampier
Montebello Is.
Exmouth Gulf
Jurabi Point, Ningaloo
Marine Park
Jurabi Point, Ningaloo
Marine Park
Dongara
Marmion Marine Park
J. Mercer, 27. v. 1985
J. M. Huisman, 10. vii. 1992
W. Fenical, 10. xii. 1987
J. M. Huisman, 18. viii. 1995
J. M. Huisman, 24. iv. 1996
G. G. Smith, 9. ii. 1944
J. M. Huisman, 5. vii. 1990
sterile
sterile + sporophytes
sterile
sporophyte
sporophyte
sterile
sporophyte
MURU A132,
DA 332
MURU A JH
282-286, 290-291
MURU A085
MURU A160, 165
BRI AQ716121
UWA
MURU A044, A029nictyttptcris 45
Rgs 1 — 10. Dictyopteris sc
Pig, 1. Habit of a young lhallus (MURU NR 165, Jurabi Point, 18. vii. 1995). Scale ~ 3.3 cm. Fig. 2, Habit of a large
sporophylc (MURU A029, Marinion Marine Park, 5. vii. 1990). Scale - 5.3cm. l
;ig. 3. Upper lhallus segment showing
the thallus apex, lateral veins originating from the midrib, bundles of paraphyses scattered between the veins and the
macroscopic marginal teeth. Scale =280μιυ, Fig. 4. Section through a bundle of paraphyses, with paraphyses arising
from cortical cells. Scale - 40 μηι, Hg, 5, Surface view of the apical region of the branch segment, showing increasing sixe
of the marginal teelh with increasing distance from the apical cells. Scale =40 μηι. l
rig. 6. Apical cells are narrowly
rectangular. Scale » 80 μιη. Fig. 7. Section through the midrib. Scale = 100 μηι. Fig. 8. Section through the blade near
the midrib. Scale =* 65 μιη. Fig. 9. Section through the outer region of the blade, Scale - 65 μιη. Fig. 10. Section through
the blade margin. Scale = 50 μηι.46 J. A. Phillips and J. M. Huisman
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Figs 11 — 17. Dictyopteris serrata.
Fig. 11. Surface view of a sporophyte showing the scattered sporangia and the scar from a bundle of paraphyses (p). Scale
= 1 mm. Fig. 12. Dark brown sporangia are surrounded by a ring of cortical cells (arrowheads). Released sporangia (r)
appear as holes in the thallus surface. Scale = 200 μηι. Fig. 13. Transverse section through an immature sporangium. Scale
= 32 μηι. Fig. 14. A maturing sporangium with two stalk cells. Scale = 32 μηι. Fig. 15. A divided sporangium showing
two nuclei adjacent to a sporangium (r) which has released its spores. Scale = 32 μηι. Fig. 16. Spore protoplasts are formed
by division of the sporangial protoplast. Scale = 32 μηι. Fig. 17. Section through the periphery of a sporangium showing
the cortical cells which cover the edge of the sporangium. Scale = 40 μιη.
have a large nucleus, 18—27 μιη in diameter, with a
prominent nucleolus. The accumulation of mucilage
under the sporangial wall occurs prior to nuclear div-
ision (Fig. 15) which is followed by cytokinesis (Fig.
16). Tetrasporangia are ovoid to spherical, have two
stalk cells and vary in height from 140-172 μιη
(χ = 157 μηι, sd = 11.3 μηι, no = 20) and in diameter
from 102-158 μηι (χ = 131 μηι, sd = 15.5 μηι, no
= 20). Each spore protoplast contains a nucleus,
9—15 μηι in diameter, with a prominent .nucleolus
and a dense cytoplasm of large vesicles, chloroplasts
and physodes. Throughout development, sporangia
are embedded in the thallus, although a few may pro-
ject slightly above the thallus surface. Mature sporan-
gia often extend under adjacent cortical cells, and, in
sections through the periphery of a sporangium (Fig.
17), a sporangium may appear as if it is completely
surrounded by vegetative cells. It is often difficult to
determine the number of stalk cells at the base of
embedded sporangia. Stalk cells are not visible in all
sections through a sporangium, and without serial
sectioning, some sporangia may appear to lack or
have only one stalk cell. Released sporangia leave a
hole in the thallus surface (Figs 12, 15).
Discussion
Two species of Dictyopteris, D. serrata and D. hoytii
are similar to the west Australian specimens.
Dictyopteris serrata, as Haliseris serrata Areschoug,
was described last century from specimens collected
at Port Natal, South Africa (Areschoug 1847). TheDictyopteris serrata 47
well illustrated type description refers to the distinc-
tive marginal teeth and lateral veins. Agardh (1848)
and Kützing (1859) also recorded the species.
Kützing provided illustrations of a specimen from
Port Natal lodged in the Sonder Herbarium.
Dictyopteris serrata is currently known to occur in
Natal, South Africa (Areschoug 1847, Agardh 1848,
Kützing 1859, Seagrief 1984), Maputaland, Mozam-
bique (Seagrief 1980), Mauritius (Hoyt 1920) and
Western Australia (Silva et al 1996), the latter report
based on an unpublished conference presentation
given by the second author of the present paper.
Dictyopteris hoytii is based on material from the
south-eastern coast of North America. Hoyt (1920)
reported this species as D. serrata from Beaufort,
North Carolina, noting that the American specimens,
unlike those from Africa, have more rounded apices,
less conspicuous veins, smaller and more numerous
marginal teeth and one or two medullary cell layers.
Although Hoyt considered that the differences were
insufficient to warrant the recognition of a new spec-
ies, Taylor (1960) disagreed and described Dictyopt-
eris hoytii for the North Carolina specimens. As de-
scribed by Taylor (1960), D. hoytii differs from D.
serrata by having lighter coloured, more closely
branched thalli, with two to four medullary cell lay-
ers and which have many broader, aculeate segments.
Schneider and Searles (1991) also reported the species
to have a medullary layer 2—4 cells thick.
Dictyopteris serrata and D. hoytii are distinctive
species that are easily recognised by their coarse
habit, serrate thallus margin, and lateral veins. Sup-
posed vegetative differences between the two species,
however, are less precisely defined and could fall
within the range of one variable species. Our examin-
ation of specimens of D. serrata from Africa and the
Australian entity has revealed considerable morpho-
logical and anatomical variability, apparently related
to age and physiological state of the thallus. This
variability has not previously been appreciated, as
both Areschoug (1847) and Kützing (1859) used large
thalli in their descriptions of D. serrata. Young and/
or actively growing thalli are usually yellow-brown,
closely branched and have many closely spaced mar-
ginal teeth, while large, presumably non-growing,
thalli are dark brown, sparsely branched and have-
fewer, often smaller, marginal teeth. The differences
are very noticeable in thalli which are composed of
both actively growing and senescent fronds. The
number of cell layers in the blade is also variable,
with two (Kützing 1859), six (Areschoug 1847) and
two-six cell layers (this study) reported. On the other
hand, an inaccurate representation rather than varia-
bility appears to be a plausible explanation for the
thick lateral veins of D. serrata, reported by Kützing
(1859). There are no specimens among the collections
which have such prominent veins, including speci-
mens from the Sonder Herbarium which were cited
and presumably examined by Kützing.
The Australian specimens fall within the vegetative
range observed for Dictyopteris serrata and are in-
cluded in that species. Dictyopteris serrata has pre-
viously been characterised by its robust, broad
branched fronds which bear lateral veins and macro-
scopic marginal teeth (Areschoug 1847, Kützing
1859). Sunken sporangia apparently have been re-
ported as Areschoug (1847) and Kützing (1859) both
illustrate an embedded sporangium or a depression
.left after a sporangium has released tetraspores, remi-
niscent of those observed in the present study. How-
ever, the formation of marginal teeth from near the
apical meristem and the presence of a marginal rib
have not previously been reported in D. serrata.
It appears that the vegetative characters used to
distinguish Dictyopteris hoytii and D. serrata are
within the range of variation observed herein for D.
serrata. Taylor (1960), in describing D. hoytii, con-
sidered that closely branched, yellow-brown thalli,
with 2-4 medullary cell layers and broad, abun-
dantly dentate segments are characteristic of the
species. On the basis of those variable vegetative fea-
tures alone, recognition of D. hoytii would no longer
be justified. However, whether D. serrata and D. hoy-
tii are the same or separate species can only be re-
solved after the reproductive structures of the species
are examined. Although sporangia have been re-
ported for both species, the sporangia of D. hoytii
are known only from brief descriptions which do not
permit comparisons with those of D. serrata. Hoyt
(1920) reported for D. hoytii, 'sporangial sori small
and inconspicuous, in more or less regular lines par-
allel to the veins in the intervenous spaces', a descrip-
tion similar to those provided by Taylor (1960) and
Schneider and Searles (1991). Studies of fertile her-
barium material have been initiated to describe
reproductive structures of D. hoytii more fully.
The record of Dictyopteris hoytii from Kenya re-
quires confirmation. Lawson (1980) listed the record
as originating from Moorjani (1978) (R. L. Moe,
pers. comm.). Moorjani, who did not indicate a speci-
men, may have reported D. hoytii based on specimens
collected by W. E. Isaac. There is Isaac material of
D. serrata housed in the Nairobi University Her-
barium, but no Isaac material of D. hoytii (M.
Chuah-Petiot, Nairobi University Herbarium, pers.
comm.). It is likely that the Isaac specimens, like
those collected at Manda Kitua, Kenya which were
examined during this study, may have been incor-
rectly assigned to D. hoytii.
Other species of Dictyopteris with some similarities
to D. serrata are known. Marginal teeth are present
in D. woodwardia (Turner 1811, Durairatnam 1961,
Misra 1966) and Dictyopteris gracilis Womersley
(1987), but those of D. serrata (and D. hoytii) are
much larger than the small, often microscopic, teeth
of those species. A marginal rib occurs in Dictyopteris
delicatula Lamouroux (B0rgesen 1914, Allender and
Kraft 1983), but it is much smaller (as is the whole48 J. A. Phillips and J. M. Huisman
thallus) than that of D. serrata. Lateral veins are
found in D. australis and Dictyopteris plagiogramma
(Montagne) Vickers (Allender and Kraft 1983), but
both species lack marginal teeth and also differ from
D. serrata in the arrangement of paraphyses (scat-
tered in D. serrata, in reflected lines perpendicular to
the lateral veins in D. australis, and in single rows
bordering the midrib in D. plagiogramma). Sporangia
of D. serrata, like those of Dictyopteris muelleri
(Sonder) Reinbold (Womersley 1987, Phillips 1988),
are embedded in the thallus, a structural feature
which is relatively uncommon in Dictyopteris. How-
ever, the sporangia of D. serrata are much larger and
extend beneath adjacent cortical cells.
This study has significantly increased the geo-
graphical range of Dictyopteris serrata, which is now
known to occur along the Western Australian coast
from Marmion to Dampier and on the south-eastern
African coast from Port St John, East Cape Province,
South Africa to Manda Kitau, Lamu District, Kenya.
Dictyopteris serrata is apparently a tropical/subtropi-
cal species which, until now, has been largely known
from descriptions published in the last century. The
species probably has a wider geographical range than
is documented in this paper. Dictyopteris serrata will
inevitably be recorded elsewhere on Western Aus-
tralian coastline as floras similar to the macroalgal
flora for the Houtman Abrolhos (Huisman 1997)
document the macroalgae of the tropical coast. Like-
wise, the macroalgae of east African coastline are not
well known, and this may explain why D. serrata has
not been recorded in the macroalgal floras of Tan-
zania (Jaasund 1976) or, prior to this paper, from
Kenya (Isaac 1967, 1968, 1971).
Dictyopteris serrata is the second species of the
Dictyotales with a wide Indian Ocean distribution to
be recently recorded from the tropical Western Aus-
tralian coast, the first being Stoechospermum mar-
ginatum (C. Agardh) Kützing (Phillips et al 1993), a
widespread species known from East Africa, the Red
Sea, and the Indian subcontinent. Australian tropical
macroalgae are poorly known and many new species
and new records will undoubtedly be discovered with
further phycological exploration.
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